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Abstract

The authors focused on the current surgical treatment of resectable gastric cancer, and significance of peri- and post-operative chemo or chemoradiation. Gastric cancer is the 4th most commonly diagnosed cancer and the second leading cause of cancer death worldwide. Surgery remains the only curative therapy, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome of resectable gastric cancer with extended lymph node dissection. More than half of radically resected gastric cancer patients relapse locally or with distant metastases, or receive the diagnosis of gastric cancer when tumor is disseminated; therefore, median survival rarely exceeds 12 mo, and 5-years survival is less than 10%. Cisplatin and fluoropyrimidine-based chemotherapy, with addition of trastuzumab in human epidermal growth factor receptor 2 positive patients, is the widely used treatment in stage Ⅳ patients fit for chemotherapy. Recent evidence supports the use of second-line chemotherapy after progression in patients with good performance status
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Core tip: Surgery remains the only curative therapy of localized gastric cancer, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome. Cisplatin and fluoropyrimidine-based chemotherapy, with addition of trastuzumab in human epidermal growth factor receptor 2 positive patients, is the widely used treatment in stage Ⅳ patients. Second-line chemotherapy after progression in patients with good performance status represents a good option. 
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INTRODUCTION

Gastric cancer is the 4th most commonly diagnosed cancer and the second leading cause of cancer death worldwide. Gastric cancer generally remains asymptomatic for a long time and is early detected more commonly in Japan and South Korea, due, at least in part, to active screening programs. Despite increased incidence, Asian gastric cancer patients have a better prognosis than Western patients, probably due to an active screening program or to a more aggressive therapeutic approach. Surgery remains the only curative therapy, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome of resectable gastric cancer with extended lymph node dissection. No clear superiority of one strategy over another has emerged, all contributing to a gain of 15% in survival over surgery alone; thus, head-to-head comparisons would be required. Unfortunately, more than half of radically resected gastric cancer patients relapse locally or with distant metastases, or receive the diagnosis of gastric cancer when tumor is disseminated; therefore, median survival rarely exceeds 12 mo, and in metastatic setting, 5-years survival is less than 10%. Cisplatin and fluoropyrimidine-based chemotherapy, with addition of trastuzumab in human epidermal growth factor receptor 2 (HER2) positive patients, is the widely used treatment in stage Ⅳ patients fit for chemotherapy. Recent evidence supports the use of second-line chemotherapy after progression in patients with good performance status. Biological therapies are among the new frontiers of research in the treatment of gastric cancer; increased survival with trastuzumab in patients with HER2-positive and with ramucirumab in second line has been indeed recorded.
SURGERY

Ever since surgery has played a crucial role in the treatment of gastric cancer[1]. In the last decades, two new technical advances have revolutionized treatment methodology, namely endoscopic resection and minimally invasive access[2,3].

In Eastern countries, detection of early gastric cancer, i.e., tumors confined to mucosa (T1a) or submucosa (T1b) with a low rate of nodal metastasis, has become increasingly common due to extensive screening programs; thus, early gastric cancer currently represents a large percentage of newly diagnosed tumors in Japan and South Korea[4]. Several years ago early gastric cancer was deemed to be radically treated with endoscopic resection, with no need for extensive abdominal manipulation. However, horizontal and vertical margin invasion, and particularly the risk of nodal involvement, had to be immediately considered to avoid true oncological disasters. Initially, endoscopic mucosal resection, or, even better, endoscopic submucosal dissection (ESD), were indicated as standard treatment for differentiated-type adenocarcinoma without ulcerative findings UL(-) (depth of invasion clinically diagnosed as T1a and diameter ≤ 2 cm). Accordingly, resection was judged as curative when all of the following conditions were fulfilled: en-bloc resection, size ≤ 2 cm, differentiated-type on histology, PT1a, negative horizontal margin, negative vertical margin, and no lymphovascular infiltration [ly(-), v(-)][5]. The above rules (so called standard criteria) were followed for many years by endoscopists with excellent results[6]. However, more recently, remarkable improvements in technical management allowed to extend such indications to more advanced forms of early gastric cancer (expanded criteria). Currently, ESD is also indicated in differentiated, ≤ 3 cm, PT1a, UL(+) tumors, or undifferentiated, ≤ 2 cm, PT1a, UL(-) tumors, or differentiated, ≤ 3 cm, PT1b (but with submucosal invasion ≤ 500 m from the muscularis mucosae)[5]. Although close follow-up surveillance remains essential, within these criteria ESD has recently been shown to be a feasible and effective method for treating early gastric cancer[2,7,8]. 

Minimally invasive access, namely laparoscopic gastric surgery, was initially devised for benign esophago-gastric diseases and is currently standard option for hiatal hernia repair and achalasia[9]. Due mainly to technical difficulties and oncological concerns, the laparoscopic access was initially confined to treatment of distal-sided early gastric cancer not requiring total gastrectomy and enlarged lymphadenectomy[10,11]. Following reports of satisfactory oncological adequacy for laparoscopic surgical treatment of colorectal cancer, the laparoscopic approach has been gradually extended to also include advanced gastric cancer requiring total gastrectomy with radical lymphadenectomy. Although data are still controversial, a number of studies have shown laparoscopic approach in the treatment of advanced gastric cancer to be feasible, safe, and oncologically adequate[3,12]. Recently, robot-assisted gastrectomy has been shown to offer potential advantages over conventional laparoscopy with regard to lymphadenectomy and digestive restoration[13]. 

Whatever the approach (open or laparoscopic), there is no doubt that surgery remains the only potentially curative treatment for all T1b to T4 gastric cancers, and after failure of endoscopic resection[14]. The most important and still debated issues are represented by extent of resection and role and extension of lymphadenectomy. 

In case of gastric cancer involving the fundus and/or the body of the stomach, the vast majority of surgeons perform total gastrectomy since proximal gastric resection is flawed with a significant rate of postoperative complications[15]. On the contrary, controversy has long been in place about extension of resection and importance of histologic subtype (namely, intestinal or diffuse according to the Lauren’s classification)[16] in case of cancer of the antrum. Several years ago total gastrectomy was hypothesized to offer oncological advantages over subtotal distal resection in terms of wider lymphadenectomy and effective removal of multicenter neoplastic foci, particularly frequent in histologically proven undifferentiated or diffuse subtype carcinomas[17]. However, at the end of the last century, two European trials showed no differences in overall survival rates between total and subtotal distal gastrectomy - provided extension of the proximal margin of the resection into healthy tissue, thus ensuring adequate clearance of the margins - and correctly performed lymphadenectomy (see below)[17,18] in the latter procedure. Currently, there is general agreement that subtotal distal resection should be considered the standard of care for cancer of the antrum. The Japanese Gastric Cancer Association (JGCA), formerly known as the Japanese Research Society for Gastric Cancer, has recently stated that “a proximal margin of at least 3 cm is recommended for T2 or deeper tumors with an expansive growth pattern (Types 1 and 2) and 5 cm is recommended for those with infiltrative growth pattern (Types 3 and 4)”, thus finally ending a long-standing debate[5]. 

Controversy over the extent of lymphadenectomy in the treatment of gastric adenocarcinoma has persisted for decades. There has been very little disagreement that at least a D1 lymphadenectomy (namely lymph node stations from 1 to 7 according to the JGCA’s classification) should be performed[19]. However, in Japan, a D2 lymphadenectomy (namely D1 lymphadenectomy plus node stations 8a, 9, 10, 11d, 11p, and 12a) has been recommended as standard practice since the 1960s[20]; since Eastern surgeons strongly believe that a D2 lymphadenectomy significantly improves long-term results and overall survival rates[5]. On the contrary, in Western countries the majority of surgeons continue to perform a D1 (or even a D0, i.e., a lymphadenectomy less than D1) resection. This is mainly due to the results of two European randomized trials carried out in the 1990s which failed to demonstrate a survival benefit for D2 over D1 lymphadenectomy[21,22]. However, these two studies have been strongly criticized for significant differences between the two groups analyzed. Indeed, almost 50% of patients in the D2 group did not undergo resection of 12a node station. In addition, patients undergoing splenectomy and/or pancreatectomy as part of a D2 resection had high rates of post-operative morbidity and mortality, thus confounding the results and obscuring statistical differences between the two groups[14,23]. However, a large number of subsequent retrospective studies has shown a correlation between better outcome and lymphadenectomy extended beyond the boundaries of a D1 resection, with dismal long-term survival rates when positive nodes are found beyond the boundaries of a D2 resection, thus suggesting progression of gastric adenocarcinoma to a systemic disease when spreading is beyond D2 nodes[24]. Furthermore, the Dutch D1D2 trial[25], after a median follow-up of 15 years, reported on a significant benefit of D2 lymphadenectomy over D1 lymphadenectomy in terms of locoregional recurrence and survival. D2 lymphadenectomy fulfills the AJCC Cancer Staging Manual, which recommends a minimum of 16 lymph nodes be examined, results in lower rates of loco-regional recurrence[26], and, ultimately, improves overall survival[23,27]. It is particularly evident when splenectomy and/or pancreatectomy are spared (so-called D1+ lymphadenectomy) thus decreasing post-operative complications rates[5]. A recent meta-analysis including 12 randomized controlled trials involving 3573 patients, with survival analyses from 1332 patients, has shown no significant differences in overall survival between D1 and D2. However, subgroup analysis of patients without splenectomy and/or pancreatectomy indicated a clear trend for longer overall survival and a significant better disease-free survival rate for D2 compared to D1 patients[14]. These data strongly suggested that D2 lymphadenectomy with spleen and pancreas preservation should be recommended as the standard surgical approach to resectable gastric cancer.

In Western countries a substantial percentage of gastric cancer patients presents with unresectable disease. In such cases, the role of non-curative gastric resection, excluding the cases with signs of gastric outlet obstruction or uncontrolled bleeding, remains controversial[28]. On the one hand, resection allows reduction of tumor burden and cancer-related complication rates, but it is associated with significant perioperative mortality and morbidity and may delay start of chemotherapy[29]. On the other hand, simple operative exploration without resection may expose patients to severe tumor complications[30]. Pending large, randomized, prospective studies, no definitive evidence supporting either one strategy exists. However, all single series provide evidence for chemotherapy to improve survival rates and to decrease the incidence of tumor-related complications[31]. 

Peritoneal carcinosis is the most common type of recurrence in advanced gastric cancer, particularly in undifferentiated or with infiltrating growth pattern tumors[32]. When possible, complete cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) have been shown to be the best option for a disease that is otherwise incurable[33]. Recently, in high risk gastric cancers, that is, tumors suspected to have serosal invasion and/or poor histologic differentiation, analysis of liquid from peritoneal lavage has been suggested to be crucial to individuate free tumor cells in the abdominal cavity in order to tailor more effective treatments[34]. This is a new fascinating frontier in the management of gastric cancer[35]. Preliminary results of potentially curative gastric resection of the primary tumor and HIPEC in patients without overt peritoneal carcinosis despite detection of free tumor cells in the peritoneal lavage are encouraging[36,37].

The last challenge in the treatment of gastric cancer is represented by liver metastases. Until few years ago their detection was considered synonymous with generalized neoplastic disease, thus contraindicating curative treatment[38,39]. There is no doubt that gastric cancer shows a very aggressive biology with high and early propensity to spread through lymphovascular vessels and peritoneal serosa, thus liver-only deposits are an uncommon event[40]. However, even when this occurs, better survival rates have been demonstrated to be achievable with aggressive treatment. Curative hepatic resection of liver-limited metastases, particularly single liver metastases less than 5 cm in size, has been associated with significantly superior 5-year overall survival and median survival rates than those obtained with systemic chemotherapy alone[41,42]. Radiofrequency ablation may represent a valid alternative to surgical resection in liver metastasis with Ø ≤ 3 cm or for patients unfit for major hepatic surgery[43]. Finally, delivery of high doses of cytotoxic agents to liver tumors through the hepatic artery with minimal systemic side effects may be an effective strategy for control of multiple liver metastases or in order to shrink liver deposits prior to subsequent surgical resection or radiofrequency ablation[44].

ADJUVANT THERAPIES 

Although complete resection of cancer (R0) and extended lymph node dissection (D2) are the only curative treatments for gastric cancer, a high rate of locoregional as well as distant recurrences has been reported. The site of recurrence is locoregional in 19%-42% of cases, peritoneal in 21%-72%, and distant in 18%-49%. A survival benefit has been observed from the addition of chemotherapy or chemoradiotherapy to surgery alone, while no benefit has been obtained with adjuvant radiotherapy alone[28,45-47].

Adjuvant chemotherapy

In the last decades, several phase Ⅲ trials have investigated the role of adjuvant chemotherapy vs surgery alone, but conflicting results have been obtained. These differences can be explained by the large heterogeneity of patients enrolled, the small number of series, the different surgical accuracy, and the different chemotherapy regimens used[48-54]. We also investigated in a randomized, multicenter, phase Ⅲ trial the efficacy and safety of epirubicin, leucovorin, 5-fluorouracil and etoposide combination (ELFE regimen) as adjuvant therapy for radically resected gastric cancer patients. After a 5-year follow-up, the ELFE regimen was not shown to improve overall survival when compared to surgery alone[55].

In order to obtain more reliable results, several meta-analyses (Table 1) and two recent phase Ⅲ trials have been carried out, conclusively establishing a statistically significant benefit for chemotherapy in terms of overall survival and recurrence rate[56-62]. 

A recent meta-analysis performed by the GASTRIC group[62], including 3838 patients from 17 different trials of adjuvant chemotherapy, concluded for a modest but statistically significant benefit with the use of adjuvant post-operative chemotherapy with respect to surgery alone (HR = 0.82; 95%CI: 0.76-0.90, P = 0.001). The estimated median survival was 4.9 years (95%CI: 4.4-5.5) in the surgery-only group vs 7.8 years (95%CI: 6.5-8.7) in the group of treated patients. However, no standard CT regimen has been defined in this setting. 
Mono-chemotherapy with fluoropyrimidines has been tested in the Asian ACTS-GC trial by Sakuramoto et al[63] 1059 stage Ⅱ-Ⅲ gastric cancer patients were randomized to receive S-1, an oral fluoropyrimidine containing tegafur, gimeracil and oteracil potassium, as post-operative therapy (two oral doses of 40 mg per square meter per day for 4 wk followed by 2 wk of rest for 1 year), or surgery alone. A statistically significant advantage in terms of 3-year survival was observed in the chemotherapy arm (80.1%, 95%CI: 76.1-84.0) vs the surgery arm (70.1%, 95%CI: 65.5-74.6), with a good tolerability for S-1 and a low incidence of G3-4 toxicities (anorexia 6%, nausea 3.7%, diarrhea 3.1%). A similar advantage was also recorded in the following 5-year survival analysis (72.6% vs 61.4%, HR = 0.65; 95%CI: 0.53-0.81). However, these results were limited by patient selection, thus needing to be confirmed in a more heterogeneous population. Furthermore, the use of S-1 in Western countries could be limited by pharmacokinetic factors. Tegafur (5-fluorouracil pro-drug) pharmacokinetic is indeed limited by polymorphisms in cytochrome P-450 2A6, and, consequently, 5-fluorouracil plasma concentrations are more likely to be elevated in patients from Western countries[64]. 

Furthermore, in the CLASSIC phase Ⅲ trial led by Bang et al[65], 1035 patients with stage Ⅱ-ⅢB gastric cancer were randomly assigned to receive adjuvant chemotherapy with 8 cycles of capecitabine (1000 mg per square meter twice daily for 2 wk in a cycle of 21 d) plus oxaliplatin (130 mg per square meter every 21 d), so called XELOX, or surgery alone. After a median follow-up of about 34 mo, 3-year disease-free survival rates were 74% and 59% in the surgery plus chemotherapy and surgery only group, respectively (HR = 0.56; 95%CI: 0.44-0.72, P < 0.0001). Grade 3 or 4 toxicities were recorded in 56% of patients in the chemotherapy arm (nausea 65.7%, neutropenia 60.5%, anorexia 59.3%). At the 15th ESMO World Congress in Gastrointestinal Cancer (July 2013), data from the 5-year follow-up of the CLASSIC trial demonstrated a 34% reduction in the risk of death in the XELOX arm, higher than the reduction previously reported after three years of follow-up[66].

Adjuvant XELOX might represent a valid strategy in curable gastric cancer Asian patients. Currently, there is no doubt on the survival benefit derived from adjuvant chemotherapy in radically resected gastric cancer for stage ≥ T2 or N+ according to United States, European, and Italian guidelines[67-69], although further phase Ⅲ trials are required to assess which regimen is optimal for both Western and Eastern populations.

The utilization of HIPEC as adjuvant setting in patients at high risk for carcinomatosis is very interesting. 

The results of various clinical studies indicated that HIPEC could potentially allow for a better prognosis in patients who underwent resection for advanced gastric cancer playing a role in the prevention of peritoneal local-regional recurrence despite R0 resection. However because of small number of trials, further study about this matter are warranted[70]. 

Adjuvant chemoradiation

Considering the high rate of local recurrence in gastric cancer, combined treatment with radiation therapy and sensitizing 5-fluorouracil or capecitabine has been compared with chemotherapy or surgery alone in several trials. 

The addition of post-operative radiation to adjuvant chemotherapy has been firstly studied in a prospective randomized trials by Dent et al[74], Moertel et al[75], and the British Stomach Cancer Group[45]. Data from this studies did not show a survival benefit for patients receiving adjuvant therapy, however, because of their small accrual, heterogeneous cohort, unstandardized surgery and radiotherapy, and 5-fluorouracil dosage, it is difficult to draw conclusions from these studies. 

An important role was played by the Gastrointestinal Cancer Intergroup phase Ⅲ Trial (INT 0116)[26]: 566 patients were randomized to receive surgery alone or adjuvant chemoradiation consisting of 5-fluorouracil (425 mg per square meter daily) plus leucovorin (20 mg per square meter daily) for 5 d and radiation (4500 cGy of radiation, 180 cGy per day, given 5 d per week for 5 wk), followed by 2 cycles of 5-fluorouracil (425 mg per square meter daily for 5 d) plus leucovorin (20 mg per square meter daily for 5 d) for one month. After a median follow-up of 5 years, the chemoradiation group achieved a significant advantage in overall survival (36 mo vs 27 mo, P < 0.005) and in progression-free survival (HR = 1.52; 95%CI: 1.23-1.86, P < 0.001). The advantage in the chemoradiotherapy-treated group has been recently confirmed at the 10-year follow up (disease free survival HR = 1.51; P < 0.001; overall survival HR = 1.32; P < 0.004)[76]. Local recurrence occurred in 29% of patients in the surgery alone group and in 19% in the chemoradiation group; regional relapse was reported in 72% of patients in the surgery alone group and in 65% of the patients in the chemoradiation group; distant metastases were observed in 18% of relapsing patients in the surgery alone group and in 33% of patients in the chemoradiation group. Of note, treatment was burdened by high toxicity, with the most common G3 toxicities being hematologic (54%) and gastro-intestinal (33%). Although this treatment approach is considered to be standard therapy in the United States, it has not gained wide acceptance in Europe because of concerns about abdominal chemoradiation toxicity and the quality of surgery performed; indeed, 54% of enrolled patients received a sub-optimal lymph-node dissection (D0-D1). In order to clarify this issue, a subgroup analysis published in 2002 revealed that the survival benefit of adjuvant chemo-radiotherapy remained similar in the D0 and D1 lymph-node dissection groups, while survival benefits in the D2 dissection group were doubtful. Therefore, radiation therapy can be useful to compensate inadequate surgery, by improving local control of disease and reducing local relapses (19% vs 29%)[77,78].

The results of the phase Ⅲ ARTIST trial have been recently published[79]. 458 patients with D2 resected gastric cancer were randomly assigned to receive adjuvant XP (capecitabine 2000 mg per square meter on days 1 to 14 and cisplatin 60 mg per square meter, repeated every 3 wk) or XP/XRT/XP (capecitabine 2000 mg per square meter on d 1 to 14 and cisplatin 60 mg per square meter, repeated every 3 wk followed by 45 Gy radiations plus capecitabine 1650 mg per square meter for 5 wk followed by 2 additional cycles of XP). With a median follow-up of 53.2 mo, the adjuvant chemoradiotherapy arm did not obtain a significant advantage over the chemotherapy alone arm, with 3-year disease-free survival rates of 78.2% and 74.2% in the XP/XRT/XP arm and in the XP arm (P = 0.0862), respectively. Of note, in a subgroup analysis of 396 patients with positive pathologic lymph nodes, a statistically significant prolonged disease-free survival was recorded in the chemoradiation arm (estimated 3-year disease-free survival rate of 77.5%) as opposed to the XP-alone arm (3-year disease-free survival: 72.3%, P = 0.0365). This improvement in disease-free survival was mainly due to radiation-induced decreased regional lymph node recurrence. Most common G3-G4 toxicities in chemo- and chemoradiation arms were respectively: neutropenia (40.7% and 48.4%), nausea (12.4% and 12.3%), and vomiting (3.5% and 3.1%). In the ARTIST-2 trial this promising role of chemoradiotherapy vs chemotherapy alone in patients with node positive gastric cancer is still being evaluated.

Recently, Zhu et al[80] have published data from a trial carried out in the Chinese population. Specifically, 380 patients with D2 resected gastric cancer were randomized to receive adjuvant chemotherapy alone vs adjuvant chemoradiation therapy with intensity-modulated radiotherapy (IMRT). A significant difference in DFS in patients with positive nodes and in the whole population as well was observed. The marked effect on disease-free survival in this trial as opposed to the ARTIST trial was probably due to inclusion of patients with more advanced disease, especially in terms of lymph nodes involvement, and to the use of IMRT.

These results still need to be reproduced in the Western population and will be defined by the ongoing CRITICS trial (see below)[81].

The employment of a triplet in a chemoradiation regimen has also been recently investigated by the Intergroup Trial CALGB 80101 (presented as abstract at the 2011 ASCO Annual Meeting)[82]. From April 2003 to May 2009, 546 patients with resected gastric or gastro-esophageal cancer patients were randomized to receive 1 cycle of 5-fluorouracil (425 mg per square meter daily) plus leucovorin (20 mg per square meter daily) for 5 d/mo, followed by 45 Gy (1.8 Gy/d) and concurrent 5-fluorouracil (200 mg per square meter daily CI throughout radiotherapy), followed by 2 additional cycles of 5-fluorouracil/leucovorin (arm A) or 1 additional cycle of ECF (epirubicin 50 mg per square meter on day 1, cisplatin 60 mg per square meter on day 1, and 5-FU 200 mg per square meter CI d 1-21) followed by 45 Gy (1.8 Gy/d) and concurrent 5-fluorouracil (200 mg per square meter daly CI throughout radiation therapy), followed by 2 cycles of reduced dose of ECF (epirubicin 40 mg per square meter on day 1, cisplatin 50 mg per square meter on day 1, and 5-FU 200 mg per square meter daily C.I. d 1-21) (arm B). Median survival was 37 mo in arm A and 38 mo in arm B (HR = 1.03, 95%CI: 0.80-1.34, P = 0.80). Three-year overall survival was 50% in arm A and 52% in arm B, respectively. 3 year-DFS was 46% in arm A and 47% in arm B. Grade 4 toxicities were: 40% arm A vs 26% arm B (P < 0.001). Specifically, neutropenia (53% vs 48%), diarrhea (15% vs 7%), and mucositis (15% vs 7%) for arms A and B, respectively, were the most frequent. 

We also assessed, in a pilot study published three years ago, the safety of adjuvant chemoradiotherapy in patients with stage Ⅲ or Ⅳ radically resected gastric cancer. Treatment with FOLFOX regimen plus radiotherapy was safe, and, after a 3-year follow-up, both disease-free and overall survival rates were shown to be substantially better than those observed in untreated patients[83].

Finally, European and Italian guidelines encourage use of adjuvant chemoradiotherapy in patients with high risk of local relapse (stage T2 with histopatological risk factors, T3-4, N+) and in patients not receiving adequate lymphadenectomy (< D2) or are R1 after surgery[68,69].

Necessarily, the planning of radiotherapy fields requires experience and a quality control system. Radiotherapy is influenced by its confirmation in 3D (3D-CRT) or IMRT, and these technologies have been shown to reduce toxicities. A total radiation dose of 45 Gy is set to run in 25 fractions of 1.8 Gy. The delimitation of volumes must meet the guidelines established by RTOG and EORTC and include tumor bed, celiac lymph nodes, and para-aortic nodes.

NEOADJUVANT (PERIOPERATIVE) TREATMENT 

Neoadjuvant chemotherapy for gastric cancer aims at downstaging disease, increasing the rate of curative resection, and eradicating undetectable micrometastases. In addition, pre-surgical patients usually have better performance status and can tolerate treatments better. 

This approach has been demonstrated to obtain downstaging of gastric cancer, increase in curative resections, and improvement of disease-free and overall survival in randomized clinical studies (MAGIC, FFCD 9703, and EORTC 40954). Currently, all guidelines recommend this approach for patients with locally advanced gastric cancer.

The use of radiation alone or in combination with chemotherapy in the preoperative setting is still controversial and more data from adequate powered randomized trial are needed.

Neoadjuvant chemotherapy

The role of neoadjuvant chemotherapy in gastric cancer, gastro-esophageal junction and lower esophageal adenocarcinoma has evolved in the past decade from disappointingly negative trials to a favorable one[61]. Indeed, in the first Dutch randomized controlled trial of neoadjuvant chemotherapy, 56 patients with apparently operable gastric cancer were randomized to receive preoperatively 4 cycles of 5-fluorouracil, doxorubicin and methotrexate (FAMTX) followed by surgery or surgery alone. The rate of curative resection favored the surgery alone group, and in the latest update, the median survival since randomization was 18 mo in the FAMTX group vs 30 mo in the surgery alone group (P = 0.17); moreover, preoperative chemotherapy was associated with a negative effect[84]. 

In Europe, perioperative chemotherapy has been promoted on the basis of the MAGIC[85] and FFCD9703[86] randomized trials. The former, performed in the United Kingdom, enrolled 503 patients with resectable adenocarcinoma of the stomach, esophagogastric junction, or lower esophagus cancer (25% had lower esophageal or gastro-esophageal junction cancer) to either perioperative chemotherapy and surgery (250 patients) or surgery alone (253 patients).

Chemotherapy consisted of 3 preoperative and 3 postoperative cycles of ECF: intravenous epirubicin (50 mg/m2) and cisplatin (60 mg/m2) on day 1 and a continuous intravenous infusion of 5-fluorouracil (200 mg/m2 per day for 21 d). Curative resection rates were 69.3% and 66.4% in the perioperative and in the surgery group, respectively. There was a greater proportion of stage T1 and T2 tumors and less advanced nodal disease in the perioperative group. 

The perioperative chemotherapy group had a higher likelihood of overall survival (HR for death = 0.75; 95%CI: 0.60-0.93, P = 0.009; 5-year survival rate: 36% vs 23%) and progression-free survival (HR for progression = 0.66; 95%CI: 0.53-0.81, P < 0.001). Although 90.7% of patients completed preoperative chemotherapy, only 103 of 208 (49.5%) who completed preoperative therapy and surgery also received postoperative treatment. 

A similar benefit emerged from the French FFCD 9703 trial, in which 224 patients were randomly assigned to 2 or 3 cycles of preoperative chemotherapy with infusional 5-fluorouracil plus cisplatin (CF) followed by surgery and adjuvant CF chemotherapy, or surgery alone. Of note, 75% of all patients had adenocarcinoma of the distal esophagus or of the gastro-esophageal junction. The R0 resection rate was significantly better in the perioperative arm compared to the surgical resection alone arm (84% vs 73%, P = 0.04). Differences in the 5-year disease-free survival and the 5-year overall survival rate were 13% (34% vs 21%, P = 0.0033) and 14% (38% vs 24%, P = 0.021), respectively, in favor of neoadjuvant therapy.

Recently, the European EORTC 40954 trial[87] assessed the efficacy of preoperative cisplatin, 5-fluorouracil, and leucovorin in gastric and gastro-esophageal cancer patients. This study needed 282 events to detect with 80% power an improvement in median survival from 17 mo with surgery alone to 24 mo with neoadjuvant therapy. The trial was stopped early for poor accrual after 144 patients randomly assigned (72:72). The total of 52.8% patients had tumors located in the proximal third of the stomach, including AEG type Ⅱ and Ⅲ. The curative resection rate was 81.9% after neoadjuvant chemotherapy and 66.7% in the neoadjuvant and surgery alone arm (P = 0.036). The surgery-only group had more metastatic lymph nodes than the neoadjuvant group (76.5% vs 61.4%, P = 0.018). Postoperative complications were more frequent in the neoadjuvant arm (27.1% vs 16.2%, P = 0.09). After a median follow-up of 4.4 years and 67 deaths, a survival benefit could not be shown (HR = 0.84; 95%CI: 0.52-1.35, P = 0.466).

This trial showed a significantly increased R0 resection rate, but failed to demonstrate a survival benefit due to a low statistical power; there was a high rate of proximal gastric cancer including AEG and/or a better outcome than expected after radical surgery alone due to the high quality of surgery with resection of regional lymph nodes outside the perigastric area (celiac trunc, hepatic ligament, lymph node at a. lienalis; D2).

Radiation in perioperative therapy

The use of radiation alone as preoperative treatment remains unclear, due to limited numbers of randomized clinical trials evaluating the efficacy of radiotherapy alone. 

Zhang et al[88] randomized a large sample size (370 patients) of gastric adenocarcinomas of cardia to surgery alone or radiotherapy for a total dose of 40 Gy and surgery. Tumor resectability and T2 cancer were more frequently observed in the radiation arm with a 11.0% decrease in T4 tumors. Five- and 10-year survival rates for radiation plus surgery and surgery alone groups were 30.1%, 19.7%, and 20.2%, 13.3%, respectively, while no significant differences were observed between the two groups in terms of surgical complications.

In another randomized trial with a longer follow-up (20 years), 51 patients per arm were randomly assigned to 20 Gy in 5 daily fractions followed by surgery or surgery alone. The 5-year and 10-year survival rates were 39.0% and 32.0%, and 30.0% and 18.0%, for preoperative radiotherapy and surgery alone groups, respectively (P > 0.05); however, after 20 years, the study failed to demonstrate a survival benefit for preoperative radiotherapy[89].

Of note, these two studies were started in the 1970s, when radiation used to be delivered by telecobalt or 8-MV photon, now rarely used.

Finally, in the meta-analysis of Fiorica et al[90], 9 randomized trials (4 preoperative and 5 postoperative trials) were evaluated. Preoperative radiotherapy was associated with a 3-year (HR = 0.57; 95%CI: 0.43-0.76, P = 0.0001) and 5-year (HR = 0.62; 95%CI: 0.46-0.84, P = 0.002) survival advantage. Although a trend in postoperative mortality in the preoperative treatment group was observed, this difference turned out not to be statistically significant (HR = 0.61; 95%CI: 0.24-1.57, P = 0.31). A recent meta-analysis confirmed a statistically significant benefit for resectable gastric cancer patients treated with radiation therapy, however, subgroup analyses for pre- and post-operative settings were not available[91]. 

Perioperative chemoradiation

Recently, a phase Ⅲ trial was carried out to investigate a possible survival benefit for preoperative chemoradiotherapy compared to chemotherapy alone in locally advanced gastroesophageal and gastric cancer patients.

In the German study PreOperative Chemotherapy or Radiochemotherapy in Esophagogastric Adenocarcinoma Trial[92], 119 patients were randomized to receive 5-fluorouracil, leucovorin, and cisplatin (PLF) followed by surgery or PLF followed by chemoradiation with cisplatin and etoposide and then surgery. Unfortunately, the trial was stopped prematurely due to poor accrual, thus limiting result interpretation. Nevertheless, response rate and tumor-free lymph node status were higher in the chemoradiation arm (cPR = 15.6% vs 2%, P = 0.03; ypN0 = 64.4% vs 36.7%, P = 0.01), although the 3-year survival benefit for the two groups did not reach statistical significance (47.4% vs 27.7%, P = 0.07).

Finally, the ongoing CRITICS trial (NCT00407186), in which patients with resectable gastric cancer are being treated with 3 cycles of preoperative epirubicin, cisplatin, and capecitabine (ECC) followed by surgery and then either another 3 cycles of ECC or concurrent chemoradiation (45 Gy, cisplatin and capecitabine) will help clarify the role of postoperative chemoradiotherapy[81].

METASTATIC DISEASE

In Western countries about two thirds of gastric cancer patients are diagnosed with locally advanced or metastatic disease. Median survival for these patients is around 10 mo, and less than 10% survive at 5 years. Furthermore, even after curative resection, about 50%-60% of patients relapse locally or with distant metastases. A PS > 2, liver metastases, peritoneal metastases, and alkaline phosphatase > 100 are considered unfavorable prognostic factors[93].

A meta-analysis by Wagener et al[94] demonstrated efficacy of chemotherapy compared with best supportive care. Specifically, data from three randomized clinical trials favored chemotherapy in terms of quality of life and survival of patients with a good performance status (HR = 0.39; 95%CI: 0.28-0.52). Several trials and a meta-analysis also confirmed an advantage with regard to quality of life and survival when advanced gastric cancer patients were treated with combination chemotherapy with respect to single agent[95,96].

In the late 80’s the FAM regimen (5-fluorouracil 600 mg/m2 on days 1, 8, 29 and 36, adriamycin 30 mg/m2 on days 1 and 29, and mitomycin C 10 mg/m2 on day 1) became a widely used treatment[97,98], only to be later replaced by FAMTX (methotrexate 1500 mg/m2, followed after 1 h by 5-fluorouracil 1500 mg/m2 on day 1. Leucovorin rescue at 15 mg/m2 after 24 h, orally, every 6 h for 48 h, and adriamycin 30 mg/m2), according to the results of a randomized phase Ⅲ trial including 213 patients. The response rate of FAMTX was 41% vs 9% (P < 0.0001); survival with FAMTX was also superior (42 wk vs 29 wk, P = 0.004). There were no major differences in toxicity[99,100].

In Asian countries, cisplatin plus infusional 5-fluorouracil or capecitabine or S-1 is currently standard practice on the basis of a favorable Japanese trial[101]. The combination of cisplatin plus S-1 was also tested in metastatic gastric cancer in Caucasian patients[102,103] against cisplatin plus infusional 5-fluoruracil. Despite a slight better median survival for cisplatin/S-1, no statistical differences were found (8.6 mo vs 7.9 mo, HR = 0.92; 95%CI: 0.8-1.05, P = 0.20). Safety was significantly better in the cisplatin/S-1 group, however, the dose of cisplatin was lower (75 and 100 mg/m2 in experimental and standard group, respectively).

The REAL Ⅱ trial by Cunningham et al[104] confirmed non-inferiority of capecitabine to infusional 5-fluorouracil (HR = 0.86; 95%CI: 0.80-0.99) and established non-inferiority of oxaliplatin to cisplatin (HR = 0.92; 95%CI: 0.80-1.10) in two-by-two comparisons. On day 1 of every 3-wk cycle, patients in all study groups received an intravenous bolus of epirubicin (50 mg/m2) and cisplatin (60 mg/m2) in both the ECF and ECX groups, while oxaliplatin (130 mg/m2) was administered intravenously in the EOF and EOX groups. 5-fluorouracil (daily dose of 200 mg/m2) and capecitabine (twice daily doses of 625 mg/m2) were given throughout treatment in the appropriate groups. Median survival times in the ECF, ECX, EOF, and EOX groups were 9.9, 9.9, 9.3 and 11.2 mo, respectively; 1 year-survival rates were 37.7%, 40.8%, 40.4%, and 46.8%, respectively. In a secondary analysis, overall survival was longer with EOX than with ECF, with a HR of 0.80 for death in the EOX group (95%CI: 0.66-0.97, P = 0.02). Progression-free survival and response rates did not differ significantly among the regimens. The EOX regimen was associated with the highest median survival. Response rates were 47.9% for EOX, 46.4% for EOF, 42.4% for ECX, and 40.7% for ECF (no significant differences among the four treatment arms). Oxaliplatin-based regimens were generally well tolerated, with inferior incidence of severe neutropenia, alopecia, and nephrotoxicity, and higher incidence of severe peripheral neuropathy and diarrhea. 
Furthermore, in a meta-analysis including the REAL Ⅱ and MLI17032 trials, a longer survival and a higher response rate was observed with capecitabine (HR = 0.87) compared with infusional 5-fluorouracil-containing chemotherapy[105].

In United States docetaxel is the drug of choice to add to cisplatin and 5-fluorouracil, based on V325 phase Ⅲ trial results[106], in which 445 advanced gastric cancer patients were randomized to receive docetaxel 75 mg/m2 (day 1) plus cisplatin 75 mg/m2 (day 1) and 5-fluorouracil 750 mg/m2 per day continuous infusion (days 1 to 5; DCF), or once every 4 wk cisplatin 100 mg/m2 (day 1) and 5-fluorouracil 1000 mg/m2 per day continuous infusion (days 1 to 5; CF). The addition of docetaxel to CF significantly improved time to progression (5.6 mo vs 3.9 mo), survival (9.2 mo vs 8.6 mo), and overall response rate (37% vs 25%), despite the poor prognosis of the selected population, when compared with the CF-treated population. However, an increased rate of neutropenia (29% incidence of febrile neutropenia) was recorded. For this reason, the DCF regimen could be recommended for patients with good performance status[107].
Conversely, epirubicin, cisplatin, 5-fluorouracil (ECF) is the favorite three-drug regimen in Europe on the basis of two randomized studies[108,109] and a meta-analysis[96]. ECF showed a higher overall response rate (45% vs 21%, P = 0.0002), a longer median time of survival (8.9 mo vs 5.7 mo, P = 0.0009) and a better median failure-free survival duration (7.4 mo vs 3.4 mo, P = 0.00006) when compared with FAMTX. A better quality of life with the ECF regimen was also recorded.

HER2 is overexpressed in 10%-25% of gastric cancer. Recently, the international phase Ⅲ ToGA trial[110] randomized 594 HER-2 positive metastatic gastric cancer to receive capecitabine (1000 mg/m2 orally twice a day for 14 d followed by a 1-wk rest), or 5-fluorouracil (800 mg/m2 per day by continuous intravenous infusion on d 1-5 of each cycle) plus cisplatin (80 mg/m2 on day 1 by intravenous infusion) with or without trastuzumab (8 mg/kg intravenously on day 1 of the first cycle, followed by 6 mg/kg every 3 wk). The addition of trastuzumab to chemotherapy improved significantly overall survival compared with chemotherapy alone (13.8 mo vs 11.1 mo, HR = 0.74, P = 0.0046) as well as progression free survival (6.7 mo vs 5.5 mo, HR = 0.74, P = 0.0002). A greater survival benefit was detected in an exploratory subgroup analysis of patients HER2 2+ and FISH positive, and HER2 3+ and FISH positive (16.0 mo vs 11.8 mo, HR = 0.65). Also, response rate and time to progression were significantly improved by the addition of trastuzumab.

Thus, trastuzumab, in association with platinum and 5-fluorouracil or capecitabine, is now widely considered the standard of care for first line therapy of patients diagnosed with HER 2 positive gastro-esophageal junction and gastric cancer. Table 2 summarizes the results of the main phase Ⅲ trials of chemotherapy for advanced gastric cancer.
Despite the promising results obtained in phase Ⅱ trials, addition of HER 1 inhibitors cetuximab and panitunumab to chemotherapy failed to increase overall and progression free survival of metastatic gastric cancer patients in the phase Ⅲ randomized trials EXPAND[111] and REAL Ⅲ[112]. Disappointing results were also obtained with the anti-angiogenetic antibody bevacizumab used in combination with platinum-based chemotherapy[113,114].

Recently a phase Ⅲ LoGic trial[115] of first line capecitabine and oxaliplatin did not reach its primary endpoint, with a hazard ratio (HR) for OS of CapeOx + L compared to CapeOx + P of 0.91 (95%CI: 0.73-1.12, P = 0.35); median 12.2 mo vs 10.5 mo, respectively. Pre-specified subgroup analyses showed significant improvements in OS in Asian pts (HR = 0.68) and those under 60 years (HR = 0.69). There was no association between IHC and OS. though certain subgroups showed improvement. Further clinical and molecular analyses will be presented. The results of the phase Ⅲ TYTAN[116] trial conducted in Asia indicate that HER2-targeted therapy, Lapatinib, has the potential to prolong patient survival when used in the second-line setting in HER2-positive advanced gastric cancer, but only in individuals who test HER2 positive by immunohistochemistry (IHC 3+). 

The role of a second line has been recently clarified. Randomized clinical trials[117-119] and a meta-analysis[120] demonstrated improved overall survival and quality of life with irinotecan or docetaxel chemotherapy vs best supportive care. 

Finally, at the latest ASCO Meeting, ramucirumab, a fully human immunoglobulin G1 monoclonal antibody highly specific for the extracellular VEGF-binding domain of VEGFR-2, was demonstrated to have a significant antitumor activity in a range of malignancies, according to results in clinical trials. The REGARD trial for gastro-esophageal and gastric adenocarcinoma demonstrated ramucirumab to significantly improve overall survival and progression-free survival vs BSC, with a median overall survival increasing from 3.8 to 5.2 mo (P = 0.0473)[121]. This translated into a 22% reduction in the risk of death with ramucirumab. 
Ramucirumab has also been evaluated in combination with paclitaxel in the phase Ⅲ RAINBOW trial, but results are still pending.

CONCLUSION

Depending on the site and extent of cancer, surgery is the only potentially curative treatment for all T1b-T4 gastric cancers, and extended lymphadenectomy (D2) should be recommended as standard of care in resectable gastric cancer, while endoscopic submucosal resection followed by close surveillance is the preferred option for early stage cancer. Surgical treatment of liver-limited metastases and hyperthermic intraperitoneal chemotherapy for peritoneal carcinosis are fascinating frontiers.

Furthermore, a survival benefit for postoperative chemotherapy, chemoradiotherapy, and perioperative chemotherapy in case of pathologic T > 2 and/or node-positive gastric cancer patients has been established, and chemotherapy should contain 5-fluorouracil and cisplatin or their analogs capecitabine and oxaliplatin. Neoadjuvant chemoradiation should be implemented with caution. 

Finally, in select metastatic gastric cancer patients, chemotherapy is better than best supportive care only, with cisplatin-5-fluorouracil or capecitabine as the most widely used drugs. Addition of anti-HER2 antibody trastuzumab to first-line chemotherapy for patients overexpressing HER2 receptor and addition of the anti VEGFR-2 antibody ramucirumab in second line improves overall survival and progression-free survival when compared to chemotherapy alone.
REFERENCES

1
Nashimoto A, Akazawa K, Isobe Y, Miyashiro I, Katai H, Kodera Y, Tsujitani S, Seto Y, Furukawa H, Oda I, Ono H, Tanabe S, Kaminishi M. Gastric cancer treated in 2002 in Japan: 2009 annual report of the JGCA nationwide registry. Gastric Cancer 2013; 16: 1-27 [PMID: 22729699 DOI: 10.1007/s10120-012-0163-4]

2
Choi MK, Kim GH, Park do Y, Song GA, Kim DU, Ryu DY, Lee BE, Cheong JH, Cho M. Long-term outcomes of endoscopic submucosal dissection for early gastric cancer: a single-center experience. Surg Endosc 2013; 27: 4250-4258 [PMID: 23765426]

3
Cai J, Wei D, Gao CF, Zhang CS, Zhang H, Zhao T. A prospective randomized study comparing open versus laparoscopy-assisted D2 radical gastrectomy in advanced gastric cancer. Dig Surg 2011; 28: 331-337 [PMID: 21934308 DOI: 10.1159/000330782]

4
Ahn HS, Lee HJ, Yoo MW, Jeong SH, Park DJ, Kim HH, Kim WH, Lee KU, Yang HK. Changes in clinicopathological features and survival after gastrectomy for gastric cancer over a 20-year period. Br J Surg 2011; 98: 255-260 [PMID: 21082693 DOI: 10.1002/bjs.7310]

5
Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14: 113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]

6
Park YM, Cho E, Kang HY, Kim JM. The effectiveness and safety of endoscopic submucosal dissection compared with endoscopic mucosal resection for early gastric cancer: a systematic review and metaanalysis. Surg Endosc 2011; 25: 2666-2677 [PMID: 21424201 DOI: 10.1007/s00464-011-1627-z]

7
Sanomura Y, Oka S, Tanaka S, Noda I, Higashiyama M, Imagawa H, Shishido T, Yoshida S, Hiyama T, Arihiro K, Chayama K. Clinical validity of endoscopic submucosal dissection for submucosal invasive gastric cancer: a single-center study. Gastric Cancer 2012; 15: 97-105 [PMID: 21785925 DOI: 10.1007/s10120-011-0076-7]

8
Choi MH, Hong SJ, Han JP, Song JY, Kim DY, Seo SW, Ha JS, Lee YN, Ko BM, Lee MS. [Therapeutic outcomes of endoscopic submucosal dissection in undifferentiated-type early gastric cancer]. Korean J Gastroenterol 2013; 61: 196-202 [PMID: 23624733]

9
Katada N, Sakuramoto S, Yamashita K, Hosoda K, Shibata T, Moriya H, Kikuchi S, Watanabe M. Comparison of the Heller-Toupet procedure with the Heller-Dor procedure in patients who underwent laparoscopic surgery for achalasia. Surg Today 2013; Epub ahead of print [PMID: 23793852]

10
Kitano S, Shiraishi N, Uyama I, Sugihara K, Tanigawa N. A multicenter study on oncologic outcome of laparoscopic gastrectomy for early cancer in Japan. Ann Surg 2007; 245: 68-72 [PMID: 17197967]

11
Memon MA, Butler N, Memon B. The issue of lymphadenectomy during laparoscopic gastrectomy for gastric carcinoma. World J Gastrointest Oncol 2010; 2: 65-67 [PMID: 21160923 DOI: 10.4251/wjgo.v2.i2.65]

12
Moisan F, Norero E, Slako M, Varas J, Palominos G, Crovari F, Ibañez L, Pérez G, Pimentel F, Guzmán S, Jarufe N, Boza C, Escalona A, Funke R. Completely laparoscopic versus open gastrectomy for early and advanced gastric cancer: a matched cohort study. Surg Endosc 2012; 26: 661-672 [PMID: 22011940 DOI: 10.1007/s00464-011-1933-5]

13
Coratti A, Annecchiarico M, Di Marino M, Gentile E, Coratti F, Giulianotti PC. Robot-assisted gastrectomy for gastric cancer: current status and technical considerations. World J Surg 2013; 37: 2771-2781 [PMID: 23674257]

14
Jiang L, Yang KH, Guan QL, Zhao P, Chen Y, Tian JH. Survival and recurrence free benefits with different lymphadenectomy for resectable gastric cancer: a meta-analysis. J Surg Oncol 2013; 107: 807-814 [PMID: 23512524 DOI: 10.1002/jso.23325]

15
Someya S, Shibata C, Tanaka N, Kudoh K, Naitoh T, Miura K, Unno M. Duodenal switch for intractable reflux gastroesophagitis after proximal gastrectomy. Tohoku J Exp Med 2013; 230: 129-132 [PMID: 23803250]

16
Lauren P. The two histological main types of gastric carcinoma: diffuse and so-called intestinal-type carcinoma. An attempt at a histo-clinical classification. Acta Pathol Microbiol Scand 1965; 64: 31-49 [PMID: 14320675]

17
Gouzi JL, Huguier M, Fagniez PL, Launois B, Flamant Y, Lacaine F, Paquet JC, Hay JM. Total versus subtotal gastrectomy for adenocarcinoma of the gastric antrum. A French prospective controlled study. Ann Surg 1989; 209: 162-166 [PMID: 2644898]

18
Bozzetti F, Marubini E, Bonfanti G, Miceli R, Piano C, Gennari L. Subtotal versus total gastrectomy for gastric cancer: five-year survival rates in a multicenter randomized Italian trial. Italian Gastrointestinal Tumor Study Group. Ann Surg 1999; 230: 170-178 [PMID: 10450730]

19
Japanese Gastric Cancer Association. Japanese classification of gastric carcinoma: 3rd English edition. Gastric Cancer 2011; 14: 101-112 [PMID: 21573743 DOI: 10.1007/s10120-011-0041-5]

20
Kajitani T. The general rules for the gastric cancer study in surgery and pathology. Part I. Clinical classification. Jpn J Surg 1981; 11: 127-139 [PMID: 7300058]

21
Bonenkamp JJ, Songun I, Hermans J, Sasako M, Welvaart K, Plukker JT, van Elk P, Obertop H, Gouma DJ, Taat CW. Randomised comparison of morbidity after D1 and D2 dissection for gastric cancer in 996 Dutch patients. Lancet 1995; 345: 745-748 [PMID: 7891484]

22
Cuschieri A, Fayers P, Fielding J, Craven J, Bancewicz J, Joypaul V, Cook P. Postoperative morbidity and mortality after D1 and D2 resections for gastric cancer: preliminary results of the MRC randomised controlled surgical trial. The Surgical Cooperative Group. Lancet 1996; 347: 995-999 [PMID: 8606613]

23
Schmidt B, Yoon SS. D1 versus D2 lymphadenectomy for gastric cancer. J Surg Oncol 2013; 107: 259-264 [PMID: 22513454 DOI: 10.1002/jso.23127]

24
Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto A, Kurita A, Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K, Yamamura Y, Okajima K. D2 lymphadenectomy alone or with para-aortic nodal dissection for gastric cancer. N Engl J Med 2008; 359: 453-462 [PMID: 18669424 DOI: 10.1056/NEJMoa0707035]

25
Songun I, Putter H, Kranenbarg EM, Sasako M, van de Velde CJ. Surgical treatment of gastric cancer: 15-year follow-up results of the randomised nationwide Dutch D1D2 trial. Lancet Oncol 2010; 11: 439-449 [PMID: 20409751 DOI: 10.1016/S1470-2045(10)70070-X]

26
Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson LL, Jessup JM, Martenson JA. Chemoradiotherapy after surgery compared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junction. N Engl J Med 2001; 345: 725-730 [PMID: 11547741]

27
Lee HK, Yang HK, Kim WH, Lee KU, Choe KJ, Kim JP. Influence of the number of lymph nodes examined on staging of gastric cancer. Br J Surg 2001; 88: 1408-1412 [PMID: 11578301]

28
Ko KJ, Shim JH, Yoo HM, O SI, Jeon HM, Park CH, Jeon DJ, Song KY. The clinical value of non-curative resection followed by chemotherapy for incurable gastric cancer. World J Surg 2012; 36: 1800-1805 [PMID: 22450753 DOI: 10.1007/s00268-012-1566-4]

29
Schmidt B, Look-Hong N, Maduekwe UN, Chang K, Hong TS, Kwak EL, Lauwers GY, Rattner DW, Mullen JT, Yoon SS. Noncurative gastrectomy for gastric adenocarcinoma should only be performed in highly selected patients. Ann Surg Oncol 2013; 20: 3512-3518 [PMID: 23765416 DOI: 10.1245/s10434-013-3024-4]

30
Dittmar Y, Rauchfuss F, Goetz M, Jandt K, Scheuerlein H, Heise M, Settmacher U. Non-curative gastric resection for patients with stage 4 gastric cancer--a single center experience and current review of literature. Langenbecks Arch Surg 2012; 397: 745-753 [PMID: 22307547 DOI: 10.1007/s00423-012-0902-3]

31
Kokkola A, Louhimo J, Puolakkainen P. Does non-curative gastrectomy improve survival in patients with metastatic gastric cancer? J Surg Oncol 2012; 106: 193-196 [PMID: 22354864 DOI: 10.1002/jso.23066]

32
Huang B, Sun Z, Wang Z, Lu C, Xing C, Zhao B, Xu H. Factors associated with peritoneal metastasis in non-serosa-invasive gastric cancer: a retrospective study of a prospectively-collected database. BMC Cancer 2013; 13: 57 [PMID: 23379700 DOI: 10.1186/1471-2407-13-57]

33
Wu XJ, Yuan P, Li ZY, Bu ZD, Zhang LH, Wu AW, Zong XL, Li SX, Shan F, Ji X, Ren H, Ji JF. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy improves the survival of gastric cancer patients with ovarian metastasis and peritoneal dissemination. Tumour Biol 2013; 34: 463-469 [PMID: 23108893 DOI: 10.1007/s13277-012-0571-4]

34
Wong J, Coit D. Detection of gastric cancer peritoneal metastases by peritoneal lavage: Current limitations and future perspectives. Surgery 2012; 152: 1-4 [PMID: 22703894 DOI: 10.1016/j.surg.2012.03.022]

35
Zhibing W, Qinghua D, Shenglin M, Ke Z, Kan W, Xiadong L, Pengjun Z, Ruzhen Z. Clinical study of cisplatin hyperthermic intraperitoneal perfusion chemotherapy in combination with docetaxel, 5-flourouracil and leucovorin intravenous chemotherapy for the treatment of advanced-stage gastric carcinoma. Hepatogastroenterology 2013; 60: 989-994 [PMID: 23598741 DOI: 10.5754/hge13038]

36
Costa WL, Coimbra FJ, Ribeiro HS, Diniz AL, de Godoy AL, Begnami M, Silva MJ, Fanelli MF, Mello CA. Safety and preliminary results of perioperative chemotherapy and hyperthermic intraperitoneal chemotherapy (HIPEC) for high-risk gastric cancer patients. World J Surg Oncol 2012; 10: 195 [PMID: 22992263 DOI: 10.1186/1477-7819-10-195]

37
Kang LY, Mok KT, Liu SI, Tsai CC, Wang BW, Chen IS, Chen YC, Chang BM, Chou NH. Intraoperative hyperthermic intraperitoneal chemotherapy as adjuvant chemotherapy for advanced gastric cancer patients with serosal invasion. J Chin Med Assoc 2013; 76: 425-431 [PMID: 23796652]

38
Ajani JA. Evolving chemotherapy for advanced gastric cancer. Oncologist 2005; 10 Suppl 3: 49-58 [PMID: 16368871]

39
Jerraya H, Saidani A, Khalfallah M, Bouasker I, Nouira R, Dziri C. Management of liver metastases from gastric carcinoma: where is the evidence? Tunis Med 2013; 91: 1-5 [PMID: 23404586]

40
Kumagai K, Shimizu K, Yokoyama N, Aida S, Tanaka T, Yamagata K. Gastrointestinal cancer metastasis and lymphatic advancement. Surg Today 2010; 40: 301-306 [PMID: 20339983 DOI: 10.1007/s00595-009-4142-2]

41
Kakeji Y, Morita M, Maehara Y. Strategies for treating liver metastasis from gastric cancer. Surg Today 2010; 40: 287-294 [PMID: 20339981 DOI: 10.1007/s00595-009-4152-0]

42
Liu J, Chen L. Current status and progress in gastric cancer with liver metastasis. Chin Med J (Engl) 2011; 124: 445-456 [PMID: 21362349]

43
Chen J, Tang Z, Dong X, Gao S, Fang H, Wu D, Xiang D, Zhang S. Radiofrequency ablation for liver metastasis from gastric cancer. Eur J Surg Oncol 2013; 39: 701-706 [PMID: 23597495 DOI: 10.1016/j.ejso.2013.03.023]

44
Ganeshan A, Upponi S, Hon LQ, Warakaulle D, Uberoi R. Hepatic arterial infusion of chemotherapy: the role of diagnostic and interventional radiology. Ann Oncol 2008; 19: 847-851 [PMID: 18029972]

45
Hallissey MT, Dunn JA, Ward LC, Allum WH. The second British Stomach Cancer Group trial of adjuvant radiotherapy or chemotherapy in resectable gastric cancer: five-year follow-up. Lancet 1994; 343: 1309-1312 [PMID: 7910321]

46
A comparison of combination chemotherapy and combined modality therapy for locally advanced gastric carcinoma. Gastrointestinal Tumor Study Group. Cancer 1982; 49: 1771-1777 [PMID: 6176313]

47
Schwarz RE, Zagala-Nevarez K. Recurrence patterns after radical gastrectomy for gastric cancer: prognostic factors and implications for postoperative adjuvant therapy. Ann Surg Oncol 2002; 9: 394-400 [PMID: 11986192]

48
Dixon WJ, Longmire WP, Holden WD. Use of triethylenethiophosphoramide as an adjuvant to the surgical treatment of gastric and colorectal carcinoma: ten-year follow-up. Ann Surg 1971; 173: 26-39 [PMID: 4925450]

49
Serlin O, Wolkoff JS, Amadeo JM, Keehn RJ. Use of 5-fluorodeoxyuridine (FUDR) as an adjuvant to the surgical management of carcinoma of the stomach. Cancer 1969; 24: 223-228 [PMID: 4240353]

50
Schwarz RE, Zagala-Nevarez K. Recurrence patterns after radical gastrectomy for gastric cancer: prognostic factors and implications for postoperative adjuvant therapy. Ann Surg Oncol 2002; 9: 394-400 [PMID: 11986192]

51
Lise M, Nitti D, Marchet A, Sahmoud T, Buyse M, Duez N, Fiorentino M, Dos Santos JG, Labianca R, Rougier P. Final results of a phase III clinical trial of adjuvant chemotherapy with the modified fluorouracil, doxorubicin, and mitomycin regimen in resectable gastric cancer. J Clin Oncol 1995; 13: 2757-2763 [PMID: 7595735]

52
Krook JE, O’Connell MJ, Wieand HS, Beart RW, Leigh JE, Kugler JW, Foley JF, Pfeifle DM, Twito DI. A prospective, randomized evaluation of intensive-course 5-fluorouracil plus doxorubicin as surgical adjuvant chemotherapy for resected gastric cancer. Cancer 1991; 67: 2454-2458 [PMID: 2015545]

53
Coombes RC, Schein PS, Chilvers CE, Wils J, Beretta G, Bliss JM, Rutten A, Amadori D, Cortes-Funes H, Villar-Grimalt A. A randomized trial comparing adjuvant fluorouracil, doxorubicin, and mitomycin with no treatment in operable gastric cancer. International Collaborative Cancer Group. J Clin Oncol 1990; 8: 1362-1369 [PMID: 2199622]

54
Nakajima T, Nashimoto A, Kitamura M, Kito T, Iwanaga T, Okabayashi K, Goto M. Adjuvant mitomycin and fluorouracil followed by oral uracil plus tegafur in serosa-negative gastric cancer: a randomised trial. Gastric Cancer Surgical Study Group. Lancet 1999; 354: 273-277 [PMID: 10440302]

55
De Vita F, Giuliani F, Orditura M, Maiello E, Galizia G, Di Martino N, Montemurro F, Cartenì G, Manzione L, Romito S, Gebbia V, Ciardiello F, Catalano G, Colucci G. Adjuvant chemotherapy with epirubicin, leucovorin, 5-fluorouracil and etoposide regimen in resected gastric cancer patients: a randomized phase III trial by the Gruppo Oncologico Italia Meridionale (GOIM 9602 Study). Ann Oncol 2007; 18: 1354-1358 [PMID: 17525087 DOI: 10.1093/annonc/mdm128]

56
Mari E, Floriani I, Tinazzi A, Buda A, Belfiglio M, Valentini M, Cascinu S, Barni S, Labianca R, Torri V. Efficacy of adjuvant chemotherapy after curative resection for gastric cancer: a meta-analysis of published randomised trials. A study of the GISCAD (Gruppo Italiano per lo Studio dei Carcinomi dell’Apparato Digerente). Ann Oncol 2000; 11: 837-843 [PMID: 10997811]

57
Earle CC, Maroun JA. Adjuvant chemotherapy after curative resection for gastric cancer in non-Asian patients: revisiting a meta-analysis of randomised trials. Eur J Cancer 1999; 35: 1059-1064 [PMID: 10533448]

58
Panzini I, Gianni L, Fattori PP, Tassinari D, Imola M, Fabbri P, Arcangeli V, Drudi G, Canuti D, Fochessati F, Ravaioli A. Adjuvant chemotherapy in gastric cancer: a meta-analysis of randomized trials and a comparison with previous meta-analyses. Tumori 2002; 88: 21-27 [PMID: 12004845]

59
Neri B, Cini G, Andreoli F, Boffi B, Francesconi D, Mazzanti R, Medi F, Mercatelli A, Romano S, Siliani L, Tarquini R, Moretti R. Randomized trial of adjuvant chemotherapy versus control after curative resection for gastric cancer: 5-year follow-up. Br J Cancer 2001; 84: 878-880 [PMID: 11286464]

60
Cirera L, Balil A, Batiste-Alentorn E, Tusquets I, Cardona T, Arcusa A, Jolis L, Saigí E, Guasch I, Badia A, Boleda M. Randomized clinical trial of adjuvant mitomycin plus tegafur in patients with resected stage III gastric cancer. J Clin Oncol 1999; 17: 3810-3815 [PMID: 10577853]

61
Janunger KG, Hafström L, Glimelius B. Chemotherapy in gastric cancer: a review and updated meta-analysis. Eur J Surg 2002; 168: 597-608 [PMID: 12699095]

62
Paoletti X, Oba K, Burzykowski T, Michiels S, Ohashi Y, Pignon JP, Rougier P, Sakamoto J, Sargent D, Sasako M, Van Cutsem E, Buyse M. Benefit of adjuvant chemotherapy for resectable gastric cancer: a meta-analysis. JAMA 2010; 303: 1729-1737 [PMID: 20442389 DOI: 10.1001/jama.2010.534]

63
Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura H, Higashino M, Yamamura Y, Kurita A, Arai K. Adjuvant chemotherapy for gastric cancer with S-1, an oral fluoropyrimidine. N Engl J Med 2007; 357: 1810-1820 [PMID: 17978289]

64
Kobayakawa M, Kojima Y. Tegafur/gimeracil/oteracil (S-1) approved for the treatment of advanced gastric cancer in adults when given in combination with cisplatin: a review comparing it with other fluoropyrimidine-based therapies. Onco Targets Ther 2011; 4: 193-201 [PMID: 22162925 DOI: 10.2147/OTT.S19059]

65
Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH, Lee KW, Kim YH, Noh SI, Cho JY, Mok YJ, Kim YH, Ji J, Yeh TS, Button P, Sirzén F, Noh SH. Adjuvant capecitabine and oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised controlled trial. Lancet 2012; 379: 315-321 [PMID: 22226517 DOI: 10.1016/S0140-6736(11)61873-4]

66
Noh SH, Park SR, Yang HK, Chung HC, Chung IJ, Lee HK, Kim HH, Ji J, Chen JS, Lim Y, Ha S, Bang YJ. Adjuvant capecitabine and oxaliplatin (XELOX) for gastric cancer after d2 gastrectomy: final results from the CLASSIC trial. Ann Oncol 2013; 24 suppl 4: iv14 [DOI: 10.1093/annonc/mdt201.7]

67
National Comprehensive Cancer Network: NCCN Clinical Practice Guidelines in Oncology: Gastric Cancer, Version 2. 2013. Available from: URL: http://www.nccn.org/ professionals/ physician_gls/ f_guidelines.asp

68
Okines A, Verheij M, Allum W, Cunningham D, Cervantes A. Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 2010; 21 Suppl 5: v50-v54 [PMID: 20555102 DOI: 10.1093/annonc/mdq164]

69
Linee guida dell’Oncologia italiana AIOM 2012: neoplasie dello stomaco. Available from: URL: http://www.aiom.it/area pubblica/area medica/prodotti scientifici/linee guida/Neoplasie dello stomaco/1,1992,0

70
Yan TD, Black D, Sugarbaker PH, Zhu J, Yonemura Y, Petrou G, Morris DL. A systematic review and meta-analysis of the randomized controlled trials on adjuvant intraperitoneal chemotherapy for resectable gastric cancer. Ann Surg Oncol 2007; 14: 2702-2713 [PMID: 17653801]

71
Hermans J, Bonenkamp JJ, Boon MC, Bunt AM, Ohyama S, Sasako M, Van de Velde CJ. Adjuvant therapy after curative resection for gastric cancer: meta-analysis of randomized trials. J Clin Oncol 1993; 11: 1441-1447 [PMID: 8336183]

72
Zhao SL, Fang JY. The role of postoperative adjuvant chemotherapy following curative resection for gastric cancer: a meta-analysis. Cancer Invest 2008; 26: 317-325 [PMID: 18317973 DOI: 10.1080/07357900701834686]

73
Liu TS, Wang Y, Chen SY, Sun YH. An updated meta-analysis of adjuvant chemotherapy after curative resection for gastric cancer. Eur J Surg Oncol 2008; 34: 1208-1216 [PMID: 18353606 DOI: 10.1016/j.ejso.2008.02.002]

74
Dent DM, Werner ID, Novis B, Cheverton P, Brice P. Prospective randomized trial of combined oncological therapy for gastric carcinoma. Cancer 1979; 44: 385-391 [PMID: 113074]

75
Moertel CG, Childs DS, O’Fallon JR, Holbrook MA, Schutt AJ, Reitemeier RJ. Combined 5-fluorouracil and radiation therapy as a surgical adjuvant for poor prognosis gastric carcinoma. J Clin Oncol 1984; 2: 1249-1254 [PMID: 6491703]

76
Macdonald JS, Benedetti J, Smalley S, Haller D, Hundahl S, Jessup J, Ajani J, Gunderson L, Goldman B, Martenson J. Chemoradiation of resected gastric cancer: a 10-year follow-up of the phase III trial INT0116 (SWOG 9008). J Clin Oncol 2009; 27: 15s (abstract 4515)

77
Macdonald JS, Smalley S, Benedetti J, Estes N, Haller DG, Ajani JA, Gunderson LL, Jessup M, Martenson JA. Postoperative combined radiation and chemotherapy improves disease-free survival (DFS) and overall survival (OS) in resected adenocarcinomaof the stomach and gastroesophageal junction: Update of the results of Intergroup Study INT-0116 (SWOG 9008). Presented at the 2004 American Society of Clinical Oncology Gastrointestinal Cancers Symposium; January 22-24, 2004, San Francisco, CA; Abstract 6

78
Viudez-Berral A, Miranda-Murua C, Arias-de-la-Vega F, Hernández-García I, Artajona-Rosino A, Díaz-de-Liaño Á, Vera-García R. Current management of gastric cancer. Rev Esp Enferm Dig 2012; 104: 134-141 [PMID: 22449155]

79
Lee J, Lim do H, Kim S, Park SH, Park JO, Park YS, Lim HY, Choi MG, Sohn TS, Noh JH, Bae JM, Ahn YC, Sohn I, Jung SH, Park CK, Kim KM, Kang WK. Phase III trial comparing capecitabine plus cisplatin versus capecitabine plus cisplatin with concurrent capecitabine radiotherapy in completely resected gastric cancer with D2 lymph node dissection: the ARTIST trial. J Clin Oncol 2012; 30: 268-273 [PMID: 22184384 DOI: 10.1200/JCO.2011.39.1953]

80
Zhu WG, Xua DF, Pu J, Zong CD, Li T, Tao GZ, Ji FZ, Zhou XL, Han JH, Wang CS, Yu CH, Yi JG, Su XL, Ding JX. A randomized, controlled, multicenter study comparing intensity-modulated radiotherapy plus concurrent chemotherapy with chemotherapy alone in gastric cancer patients with D2 resection. Radiother Oncol 2012; 104: 361-366 [PMID: 22985776 DOI: 10.1016/j.radonc.2012.08.024]

81
Dikken JL, van Sandick JW, Maurits Swellengrebel HA, Lind PA, Putter H, Jansen EP, Boot H, van Grieken NC, van de Velde CJ, Verheij M, Cats A. Neo-adjuvant chemotherapy followed by surgery and chemotherapy or by surgery and chemoradiotherapy for patients with resectable gastric cancer (CRITICS). BMC Cancer 2011; 11: 329 [PMID: 21810227 DOI: 10.1186/1471-2407-11-329]

82
Fuchs CS, Tepper JE, Niedzwiecki D, Hollis D, Mamon HJ, Swanson R, Haller DG, Dragovich T, Alberts SR, Bjarnason GA, Willett CG, Enzinger PC, Goldberg RM, Venook AP, Mayer RJ. Postoperative adjuvant chemoradiation for gastric or gastroesophageal junction (GEJ) adenocarcinoma using epirubicin, cisplatin, and infusional (CI) 5-FU (ECF) before and after CI 5-FU and radiotherapy (CRT) compared with bolus 5-FU/LV before and after CRT: Intergroup trial CALGB 80101. J Clin Oncol 2011; 29: Abstract 4003

83
Orditura M, De Vita F, Muto P, Vitiello F, Murino P, Lieto E, Vecchione L, Romano A, Martinelli E, Renda A, Ferraraccio F, Del Genio A, Ciardiello F, Galizia G. Adjuvant chemoradiotherapy in patients with stage III or IV radically resected gastric cancer: a pilot study. Arch Surg 2010; 145: 233-238 [PMID: 20231623 DOI: 10.1001/archsurg.2010.2]

84
Hartgrink HH, van de Velde CJ, Putter H, Songun I, Tesselaar ME, Kranenbarg EK, de Vries JE, Wils JA, van der Bijl J, van Krieken JH. Neo-adjuvant chemotherapy for operable gastric cancer: long term results of the Dutch randomised FAMTX trial. Eur J Surg Oncol 2004; 30: 643-649 [PMID: 15256239]

85
Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S, Chua YJ. Perioperative chemotherapy versus surgery alone for resectable gastroesophageal cancer. N Engl J Med 2006; 355: 11-20 [PMID: 16822992]

86
Boige V, Pignon J, Saint-Aubert B, Lasser P, Conroy T, Bouche O, Segol P, Bedenne L, Rougier P, Ychou M. Final results of a randomized trial comparing preoperative 5-fluorouracil (f) cisplatin (P) to surgery alone in adeno-carcinoma of stomach and lower esophagus (aSlE): FNLCC ACCORD 07-FFCD 9703 Trial. J Clin Oncol 2007; 25: Abstract 4510

87
Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger W, Eisenberger CF, Haag C, Mauer ME, Hasan B, Welch J, Ott K, Hoelscher A, Schneider PM, Bechstein W, Wilke H, Lutz MP, Nordlinger B, Van Cutsem E, Siewert JR, Schlag PM. Neoadjuvant chemotherapy compared with surgery alone for locally advanced cancer of the stomach and cardia: European Organisation for Research and Treatment of Cancer randomized trial 40954. J Clin Oncol 2010; 28: 5210-5218 [PMID: 21060024 DOI: 10.1200/JCO.2009.26.6114]

88
Zhang ZX, Gu XZ, Yin WB, Huang GJ, Zhang DW, Zhang RG. Randomized clinical trial on the combination of preoperative irradiation and surgery in the treatment of adenocarcinoma of gastric cardia (AGC)--report on 370 patients. Int J Radiat Oncol Biol Phys 1998; 42: 929-934 [PMID: 9869212]

89
Skoropad V, Berdov B, Zagrebin V. Concentrated preoperative radiotherapy for resectable gastric cancer: 20-years follow-up of a randomized trial. J Surg Oncol 2002; 80: 72-78 [PMID: 12173383]

90
Fiorica F, Cartei F, Enea M, Licata A, Cabibbo G, Carau B, Liboni A, Ursino S, Cammà C. The impact of radiotherapy on survival in resectable gastric carcinoma: a meta-analysis of literature data. Cancer Treat Rev 2007; 33: 729-740 [PMID: 17935888]

91
Valentini V, Cellini F, Minsky BD, Mattiucci GC, Balducci M, D’Agostino G, D’Angelo E, Dinapoli N, Nicolotti N, Valentini C, La Torre G. Survival after radiotherapy in gastric cancer: systematic review and meta-analysis. Radiother Oncol 2009; 92: 176-183 [PMID: 19586672 DOI: 10.1016/j.radonc.2009.06.014]

92
Stahl M, Walz MK, Stuschke M, Lehmann N, Meyer HJ, Riera-Knorrenschild J, Langer P, Engenhart-Cabillic R, Bitzer M, Königsrainer A, Budach W, Wilke H. Phase III comparison of preoperative chemotherapy compared with chemoradiotherapy in patients with locally advanced adenocarcinoma of the esophagogastric junction. J Clin Oncol 2009; 27: 851-856 [PMID: 19139439 DOI: 10.1200/JCO.2008.17.0506]

93
Chau I, Norman AR, Cunningham D, Waters JS, Oates J, Ross PJ. Multivariate prognostic factor analysis in locally advanced and metastatic esophago-gastric cancer--pooled analysis from three multicenter, randomized, controlled trials using individual patient data. J Clin Oncol 2004; 22: 2395-2403 [PMID: 15197201]

94
Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig WE. Chemotherapy in advanced gastric cancer: a systematic review and meta-analysis based on aggregate data. J Clin Oncol 2006; 24: 2903-2909 [PMID: 16782930]

95
Catalano V, Labianca R, Beretta GD, Gatta G, de Braud F, Van Cutsem E. Gastric cancer. Crit Rev Oncol Hematol 2009; 71: 127-164 [PMID: 19230702 DOI: 10.1016/j.critrevonc.2009.01.004]

96
Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A, Haerting J, Fleig WE. Chemotherapy for advanced gastric cancer. Cochrane Database Syst Rev 2010; (3): CD004064 [PMID: 20238327 DOI: 10.1002/14651858.CD004064.pub3]

97
MacDonald JS, Schein PS, Woolley PV, Smythe T, Ueno W, Hoth D, Smith F, Boiron M, Gisselbrecht C, Brunet R, Lagarde C. 5-Fluorouracil, doxorubicin, and mitomycin (FAM) combination chemotherapy for advanced gastric cancer. Ann Intern Med 1980; 93: 533-536 [PMID: 7436184]

98
Douglass HO, Lavin PT, Goudsmit A, Klaassen DJ, Paul AR. An Eastern Cooperative Oncology Group evaluation of combinations of methyl-CCNU, mitomycin C, Adriamycin, and 5-fluorouracil in advanced measurable gastric cancer (EST 2277). J Clin Oncol 1984; 2: 1372-1381 [PMID: 6439836]

99
Klein HO, Wickramanayake PD, Dieterle F, Mohr R, Oerkermann H, Gross R. High-dose MTX/5-FU and adriamycin for gastric cancer. Semin Oncol 1983; 10: 29-31 [PMID: 6603023]

100
Wils JA, Klein HO, Wagener DJ, Bleiberg H, Reis H, Korsten F, Conroy T, Fickers M, Leyvraz S, Buyse M. Sequential high-dose methotrexate and fluorouracil combined with doxorubicin--a step ahead in the treatment of advanced gastric cancer: a trial of the European Organization for Research and Treatment of Cancer Gastrointestinal Tract Cooperative Group. J Clin Oncol 1991; 9: 827-831 [PMID: 2016625]

101
Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y, Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H, Takeuchi M. S-1 plus cisplatin versus S-1 alone for first-line treatment of advanced gastric cancer (SPIRITS trial): a phase III trial. Lancet Oncol 2008; 9: 215-221 [PMID: 18282805 DOI: 10.1016/S1470-2045(08)70035-4]

102
Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser M, Gorbunova V, Vynnychenko I, Garin A, Lang I, Falcon S. Multicenter phase III comparison of cisplatin/S-1 with cisplatin/infusional fluorouracil in advanced gastric or gastroesophageal adenocarcinoma study: the FLAGS trial. J Clin Oncol 2010; 28: 1547-1553 [PMID: 20159816 DOI: 10.1200/JCO.2009.25.4706]

103
Ajani JA, Buyse M, Lichinitser M, Gorbunova V, Bodoky G, Douillard JY, Cascinu S, Heinemann V, Zaucha R, Carrato A, Ferry D, Moiseyenko V. Combination of cisplatin/S-1 in the treatment of patients with advanced gastric or gastroesophageal adenocarcinoma: Results of noninferiority and safety analyses compared with cisplatin/5-fluorouracil in the First-Line Advanced Gastric Cancer Study. Eur J Cancer 2013; 49: 3616-3624 [PMID: 23899532 DOI: 10.1016/j.ejca.2013.07.003]

104
Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, Middleton G, Daniel F, Oates J, Norman AR. Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl J Med 2008; 358: 36-46 [PMID: 18172173 DOI: 10.1056/NEJMoa073149]

105
Okines AF, Norman AR, McCloud P, Kang YK, Cunningham D. Meta-analysis of the REAL-2 and ML17032 trials: evaluating capecitabine-based combination chemotherapy and infused 5-fluorouracil-based combination chemotherapy for the treatment of advanced oesophago-gastric cancer. Ann Oncol 2009; 20: 1529-1534 [PMID: 19474114 DOI: 10.1093/annonc/mdp047]

106
Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla M, Boni C, Rodrigues A, Fodor M, Chao Y, Voznyi E, Risse ML, Ajani JA. Phase III study of docetaxel and cisplatin plus fluorouracil compared with cisplatin and fluorouracil as first-line therapy for advanced gastric cancer: a report of the V325 Study Group. J Clin Oncol 2006; 24: 4991-4997 [PMID: 17075117]

107
Ajani JA, Moiseyenko VM, Tjulandin S, Majlis A, Constenla M, Boni C, Rodrigues A, Fodor M, Chao Y, Voznyi E, Marabotti C, Van Cutsem E. Clinical benefit with docetaxel plus fluorouracil and cisplatin compared with cisplatin and fluorouracil in a phase III trial of advanced gastric or gastroesophageal cancer adenocarcinoma: the V-325 Study Group. J Clin Oncol 2007; 25: 3205-3209 [PMID: 17664467]

108
Webb A, Cunningham D, Scarffe JH, Harper P, Norman A, Joffe JK, Hughes M, Mansi J, Findlay M, Hill A, Oates J, Nicolson M, Hickish T, O’Brien M, Iveson T, Watson M, Underhill C, Wardley A, Meehan M. Randomized trial comparing epirubicin, cisplatin, and fluorouracil versus fluorouracil, doxorubicin, and methotrexate in advanced esophagogastric cancer. J Clin Oncol 1997; 15: 261-267 [PMID: 8996151]

109
Yun J, Lee J, Park SH, Park JO, Park YS, Lim HY, Kang WK. A randomised phase II study of combination chemotherapy with epirubicin, cisplatin and capecitabine (ECX) or cisplatin and capecitabine (CX) in advanced gastric cancer. Eur J Cancer 2010; 46: 885-891 [PMID: 20060288]

110
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G, Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab in combination with chemotherapy versus chemotherapy alone for treatment of HER2-positive advanced gastric or gastro-oesophageal junction cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet 2010; 376: 687-697 [PMID: 20728210 DOI: 10.1016/S0140-6736(10)61121-X]

111
Lordick F, Kang YK, Chung HC, Salman P, Oh SC, Bodoky G, Kurteva G, Volovat C, Moiseyenko VM, Gorbunova V, Park JO, Sawaki A, Celik I, Götte H, Melezínková H, Moehler M. Capecitabine and cisplatin with or without cetuximab for patients with previously untreated advanced gastric cancer (EXPAND): a randomised, open-label phase 3 trial. Lancet Oncol 2013; 14: 490-499 [PMID: 23594786 DOI: 10.1016/S1470-2045(13)70102-5]

112
Waddell TS, Chau I, Barbachano Y, Gonzalez de Castro D, Wotherspoon A, Saffery C, Middleton GW, Wadsley J, Ferry DR, Mansoor W, Crosby TDL, Coxon FY, Smith D, Waters JS, Iveson T, Falk S, Slater S, Okines AFC, Cunningham D. A randomized multicenter trial of epirubicin, oxaliplatin, and capecitabine (EOC) plus panitumumab in advanced esophagogastric cancer (REAL3). J Clin Oncol 2012; 30: 18 (Suppl LBA4000)

113
Ohtsu A, Shah MA, Van Cutsem E, Rha SY, Sawaki A, Park SR, Lim HY, Yamada Y, Wu J, Langer B, Starnawski M, Kang YK. Bevacizumab in combination with chemotherapy as first-line therapy in advanced gastric cancer: a randomized, double-blind, placebo-controlled phase III study. J Clin Oncol 2011; 29: 3968-3976 [PMID: 21844504 DOI: 10.1200/JCO.2011.36.2236]

114
Van Cutsem E, de Haas S, Kang YK, Ohtsu A, Tebbutt NC, Ming Xu J, Peng Yong W, Langer B, Delmar P, Scherer SJ, Shah MA. Bevacizumab in combination with chemotherapy as first-line therapy in advanced gastric cancer: a biomarker evaluation from the AVAGAST randomized phase III trial. J Clin Oncol 2012; 30: 2119-2127 [PMID: 22565005 DOI: 10.1200/JCO.2011.39.9824]

115
Hecht JR, Bang YJ, Qin S, Chung HC, Xu JM, Park JO, Jeziorski K, Shparyk Y, Hoff PM, Sobrero AF, Salman P, Li J, Protsenko S, Buyse ME, Afenjar K, Kaneko T, Kemner A, Santillana S, Press MF, Slamon DJ. Lapatinib in combination with capecitabine plus oxaliplatin (CapeOx) in HER2-positive advanced or metastatic gastric, esophageal, or gastroesophageal adenocarcinoma (AC): The TRIO-013/LOGiC Trial. J Clin Oncol 2013; 31: Suppl Abstr LBA4001

116
Satoh T, Bang Y, Wang J, Xu J, Chung HJ, Yeh K, Chen J, Mukaiyama A, Yoshida P, Ohtsu A. Interim safety analysis from TYTAN: a phase III Asian study of lapatinib in combination with paclitaxel as second-line therapy in gastric cancer. J Clin Oncol 2010; 28: 15s Abstract 4057

117
Thuss-Patience PC, Kretzschmar A, Bichev D, Deist T, Hinke A, Breithaupt K, Dogan Y, Gebauer B, Schumacher G, Reichardt P. Survival advantage for irinotecan versus best supportive care as second-line chemotherapy in gastric cancer--a randomised phase III study of the Arbeitsgemeinschaft Internistische Onkologie (AIO). Eur J Cancer 2011; 47: 2306-2314 [PMID: 21742485 DOI: 10.1016/j.ejca.2011.06.002]

118
Kang JH, Lee SI, Lim do H, Park KW, Oh SY, Kwon HC, Hwang IG, Lee SC, Nam E, Shin DB, Lee J, Park JO, Park YS, Lim HY, Kang WK, Park SH. Salvage chemotherapy for pretreated gastric cancer: a randomized phase III trial comparing chemotherapy plus best supportive care with best supportive care alone. J Clin Oncol 2012; 30: 1513-1518 [PMID: 22412140 DOI: 10.1200/JCO.2011.39.4585]

119
Ueda S, Hironaka S, Yasui H, Nishina T, Tsuda M, Tsumura T, Sugimoto N, Shimodaira H, Tokunaga S, Moriwaki T, Esaki T, Nagase M, Fujitani K, Yamaguchi K, Ura T, Hamamoto Y, Morita S, Okamoto I, Boku N, Hyodo I, West Japan Oncology Group. Randomized phase III study or irinotecan (CPT-11) vs weekly paclitaxel (wPTX) fir advanced gastric cancer (AGC) refractory to combination chemotherapy (CT) of fluoropyrimidine plus platinum (FP): WJOG4007. J Clin Oncol 2012; 30: Abstr 4002

120
Kim HS, Kim HJ, Kim SY, Kim TY, Lee KW, Baek SK, Kim TY, Ryu MH, Nam BH, Zang DY. Second-line chemotherapy versus supportive cancer treatment in advanced gastric cancer: a meta-analysis. Ann Oncol 2013; 24: 2850-2854 [PMID: 23942775]

121
Fuchs CS, Tomasek J, Cho JY, Dumitru F, Passalacqua R, Goswami C, Safran H, Vieira dos Santos L, Aprile G, Ferry DR, Melichar B, Tehfe M, Topuzov E, Tabernero J, Zalcberg JR, Chau I, Koshiji M, Hsu Y, Schwartz JD, Ajani JA. REGARD: A phase III, randomized, double-blinded trial of ramucirumab and best supportive care (BSC) vs placebo and BSC in the treatment of metastatic gastric or gastroesophageal junction (GEJ) adenocarcinoma following disease progression on first-line platinum- and/or fluoropyrimidine-containing combination therapy. J Clin Oncol 2012; 30: Abstract LBA5

122
Cullinan SA, Moertel CG, Fleming TR, Rubin JR, Krook JE, Everson LK, Windschitl HE, Twito DI, Marschke RF, Foley JF. A comparison of three chemotherapeutic regimens in the treatment of advanced pancreatic and gastric carcinoma. Fluorouracil vs fluorouracil and doxorubicin vs fluorouracil, doxorubicin, and mitomycin. JAMA 1985; 253: 2061-2067 [PMID: 2579257]

123
Kim NK, Park YS, Heo DS, Suh C, Kim SY, Park KC, Kang YK, Shin DB, Kim HT, Kim HJ. A phase III randomized study of 5-fluorouracil and cisplatin versus 5-fluorouracil, doxorubicin, and mitomycin C versus 5-fluorouracil alone in the treatment of advanced gastric cancer. Cancer 1993; 71: 3813-3818 [PMID: 8508349]

124
Vanhoefer U, Rougier P, Wilke H, Ducreux MP, Lacave AJ, Van Cutsem E, Planker M, Santos JG, Piedbois P, Paillot B, Bodenstein H, Schmoll HJ, Bleiberg H, Nordlinger B, Couvreur ML, Baron B, Wils JA. Final results of a randomized phase III trial of sequential high-dose methotrexate, fluorouracil, and doxorubicin versus etoposide, leucovorin, and fluorouracil versus infusional fluorouracil and cisplatin in advanced gastric cancer: A trial of the European Organization for Research and Treatment of Cancer Gastrointestinal Tract Cancer Cooperative Group. J Clin Oncol 2000; 18: 2648-2657 [PMID: 10894863]

P- Reviewers: Chetty R, Mura B, Sperti C    S- Editor: Gou SX    L- Editor: A    E- Editor: Zhang DN



Table 1  Meta-analyses of adjuvant chemotherapy for resectable gastric cancer


Ref.�
Year�
Trials (n)�
Patients (n)�
OR/HR for death (95%CI)�
�
Hermans et al[71]�
1993�
11�
2096�
0.88 (0.78-1.08)�
�
Earle et al[57]�
1999�
13�
1990�
0.80 (0.66-0.97)�
�
Mari et al[56]�
2000�
21�
3658�
0.82 (0.75-0.89)�
�
Panzini et al[58]�
2002�
17�
3118�
0.72 (0.62-0.84)�
�
Janunger et al[61]�
2002�
21�
3962�
0.84 (0.74-0.96)�
�
Zhao et al[72]�
2008�
15�
3212�
0.90 (0.84-0.96)�
�
Liu et al[73]�
2008�
19�
4599�
0.85 (0.80-0.90)�
�
GASTRIC group[62]�
2010�
17�
3838�
0.82 (0.76-0.90)�
�






Table 2  Milestone phase Ⅲ trials in metastatic gastric cancer


Ref.�
Regimen�
n�
Response rate�
Overall survival�
DSF/PFS/TTP�
G3-G4 toxicity�
�
Cullinan et al[122], 1985 �
FAM�
350�
-�
-�
-�
-�
�
�
5-FU�
�
�
�
�
�
�
Wils et al[100], 1991 �
FAMTX�
213�
41%�
       42 wk�
�
  4%�
�
�
FAM�
�
  9%�
       29 wk�
�
  3%�
�
�
�
�
�
�
Median TTP: 12�
�
�
Kim et al[123], 1993�
FAM�
117�
51%�
No difference�
21.8�
-�
�
�
PF�
�
26%�
�
  9.1�
�
�
�
5-FU�
�
�
�
�
�
�
�
�
�
�
�
PFS�
�
�
Webb et al[108], 1997 �
FAMTX�
256�
21%�
     5.7�
3.4�
-�
�
�
ECF�
�
45%�
     8.9�
7.4�
�
�
Vanhoefer[124], 2000�
ELF�
�
  9%�
     7.2�
�
No toxicity G 3- 4�
�
�
PF�
�
20%�
     7.2�
�
�
�
�
FAMTX�
�
12%�
     6.7�
�
�
�
�
�
�
�
�
TTP:�
�
�
Van Cutsem et al[106]�
CF�
224�
37%�
     9.2�
3.9�
69%�
�
V325 trial, 2006 �
DCF�
221�
25%�
     8.6�
5.6�
59%�
�
Cunnigham et al[104]�
ECX�
250�
   42.4%�
   11.2�
ECF: 40.7 and similar in all groups�
Neutropenia most frequent in ECX and ECF regimen 51.5% and 41.7% vs 29.9% and 27.6%�
�
REAL II, 2008�
EOX�
244�
   47.9%�
�
�
�
�
�
ECF�
263�
   40.7%�
     9.9�
�
�
�
�
EOF�
245�
   46.4%�
�
�
�
�
�
�
�
�
�
PFS: �
�
�
Koizumi  et al[101]�
S-1�
150�
�
11�
4.0�
Neutropenia: �
�
Spirit trial, 2008�
CDDP + S-1�
149�
�
13�
6.0�
59% vs 16%�
�
�
�
�
�
�
�
Anemia: 38% vs 6%�
�
�
�
�
�
�
�
Anorexia 45% vs 9%�
�
�
�
�
�
�
TTP�
�
�
Ajani et al[102]�
CDDP+�
508�
32%�
     7.9�
5.5�
�
�
FLAGS, 2010�
5-FU�
521�
29%�
     8.6�
4.8�
�
�
�
CDDP + S-1�
�
�
�
�
�
�
Bang et al[110]�
CDDP + 5-FU/Cap�
290�
�
     11.1�
�
�
�
ToGA, 2010�
CDDP + 5-FU/Cap + Trastuzumab�
�
�
�
�
Neutropenia�
�
�
�
294�
�
     13.8�
�
88%�
�
�
�
�
�
�
�
79%�
�
FAM: 5-fluorouracil, adriamycin, mitomycin; 5-FU: 5-fluorouracil; FAMTX: 5-fluorouracil, adriamycin, metrotexate; PF: Cisplatin, 5-fluorouracil; ECF: Epirubicin, cisplatin, 5-fluorouracil; ELF: Etoposide, leucovorin, 5-fluorouracil; CF: Cisplatin, 5-fluorouracil; DCF: Docetaxel, cisplatin, 5-fluorouracil; ECX: Epirubicin, cisplatin, capecitabine; EOX: Epirubicin, oxaliplatin, capecitabine; EOF: Epirubicin, oxaliplatin, 5-fluorouracil. 
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